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Poisson Factor Model for Count Data

X, ~ Poisson (\Il(On o hn))

¥ ¢ RY K s factor loadings matrix with K factors

0, € Rf factor intensities

h,, € {0, 1} binary units indicating which factors are active for
observation n

Symbol o denotes element-wise (Hadamard) product



Poisson Factor Analysis (PFA)

X, ~ Poisson (\Il(On o hn))

1, column k of W, and typical prior specification:

1 ~ Dirichlet(nlyy)

Typical prior specification for 6,,: 6y, ~ Gamma(rg, (1 — b)/b)

Conditioned on h,,, we express

Xn ~ PFA(‘II7 0717 hnv 7]7 Tk-, b)

Develop a deep prior specification for h,,
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Two-Layer Model

x, ~ PFA (20,00, n0y®, (s

h) = 1(zn2))
2 ~ PFA (\1:@), 0 n®,y® 3 ;,(2))

e where 1 (z@) defined component-wise as

ok = 1if 22 >0, otherwise hyj, = 0

e May be repeated for more than two layers, constituting a deep
architecture

o Repeated use of PFA modules



L-Layer Model

x, ~ PFA (w0, (0, h{; ("

z(?) ~ PFA (\1:(2>, PIORNCRE)

i,

2,

b(l)) ’
5(2)) 7

z(2) ~ PFA (\I,(m’ oL h(L); (L) pb), b(L)) ,

n

e For top layer:

(L+1) .
2y ™ Poisson(

)\LL-H)) , )‘](CL—H)

~ Gamma(ag, bo)



Graphical Model

(3)

PFA<2

i) ¢

z?)

PFA<1

e

O
¥



Agenda

Basic Poisson factor analysis (PFA) for vector count data
e Extension of PFA modules to a generative deep architecture

Bernoulli-Poisson link function

Experiments

e Summary and future directions



More on Model of Binary Hidden Units

e Binary units constituted as

h(D = 1 ()

n

20~ PFA (\w), IORNORMORNOS b<l>)

n

e Draw for hsk_l), component k of hg_l), may be expressed as

- !
b = 1)
2~ Poisson()\(li)

! ¢
)‘1(111 = Z%k' k’)h

k'=1



Bernoulli-Poisson Link (BPL)

l— l
= 1)

ZS/Z ~ Poisson()\g,)c)

e Expressed concisely as
-1 !
Py~ BPLO)
e Equivalent to
hT(llk_l) ~ Bernoulli(ﬂglz) , wglz =1—exp(—A

e Generalization of the logistic link, for which

7D — 111 + exp(=A))]

n

0]
nk

)

10



Advantages of the Bernoulli-Poisson Link

e Update equations only depend on the non-zero components of x,, and
h®

n

e Yields significant acceleration for typically sparse data

e Entire deep architecture built upon clean repeated use of Poisson
elements
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Meaning of Deep Architecture for Count Data

xn ~ PRA (21,000, n(D; 7™,V 3V | b =1 (27)
zg) ~ PFA (\Il(2>,0<2),h512);n(2),rf),b(z)) R

(" =1(a)

2P ~ PFA (\I,(L)7g(L),hglL);n(L)’T](cL)’b(L)) 7 ) =1 (zﬁf“)) ’

e Columns of ¥ correspond to topics for representation of x,,

e Columns of ¥(?) corresponds to meta-topics, indicating which
layer-one topics are likely to be turned on (imposes correlation across
layer-1 topics)

e Further sophisticated correlation structure imposed as we go deeper in
the model
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Learning and Inference

n~ PEA (¥, 000 h(551),r(V 50 | Y =1 (=)
22 ~ PFA (‘I’(2>79<2),h512);n(2>7r,(€2>7b(2>) 7
h-D _ g (ZglL)> 7

2 ~ PEA (29,00, (P (8 5(B) - n{ =1 (2(FH)

e Global parameters to be learned: ¥(1:L) g(2:L)

(1) p(1:D)

e Local parameters to be inferred for each x,: 6,,”,

e As consequence of local conjugacy, analytic Gibbs updates throughout
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Electronic Medical Record Data

Data:
e Duke University 5-year dataset (2007-2011):
240K patients 4.4M patient visits
Mapping of data elements:
e 39,429 medication names to 1,694 active ingredients using RxNorm
e 4,391 laboratory tests to 1,869 unique tests using RELMA tool
e 21,013 unique ICD-9 and CPT codes
For each patient: total number of occurrences of a data element over
a 6 months window defines an observation entry

16,756 type-2 diabetes mellitus patients (7,892/8,864 training/test)

Modalities (filter out variables with less than 10 occurrences):

e 253 medications (Meds)
e 606 laboratory tests (Labs)
e 4,222 diagnosis and procedure codes (Codes)
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Electronic Medical Record Data - Classification

AUC and ROC curves for each outcome:
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Electronic Medical Record Data - Classification

Amputation classifier
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Analysis

Electronic Medical Record Data -




Electronic Medical Record Data - Analysis
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Electronic Medical Record Data - Analysis

Prostate cancer meta-topic
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Electronic Medical Record Data - Analysis

Depressive disorder and chronic pain meta-topic
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